Saul and Nelson (1) studied the influence of proteins on the activity of yeast invertase, and found that native and denatured proteins accelerate the activity of purified invertase preparations at pH 3, but not at pH 4.5, the pH optimum of the enzyme. Herriott (2) had shown that yeast invertase inactivated by acid can be reactivated by following Anson and Mirsky's (3) procedure of allowing a solution of the inactivated enzyme to stand for varying intervals of time at pH 6. In general, Herriott was able to obtain a greater per cent reactivation using fairly crude invertase preparations. However, Saul and Nelson (1) found that only highly purified invertase preparations respond to the accelerative influence of added proteins. These authors suggest therefore, that crude preparations contain an excess of protein so that the addition of more protein seems to be without further effect. The possibility exists that there may be a relation between the reactivation of invertase preparations containing a relatively large amount of extraneous protein and the accelerative effect on the activity of highly purified preparations due to added proteins. It is the purpose of this investigation to test this possibility by studying the effect of added proteins on the degree of reactivation of acid-inactivated yeast invertase.
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Saul and Nelson (1) studied the influence of proteins on the activity of yeast invertase, and found that native and denatured proteins accelerate the activity of purified invertase preparations at pH 3, but not at pH 4.5, the pH optimum of the enzyme. Herriott (2) had shown that yeast invertase inactivated by acid can be reactivated by following Anson and Mirsky's (3) procedure of allowing a solution of the inactivated enzyme to stand for varying intervals of time at pH 6.
In general, Herriott was able to obtain a greater per cent reactivation using fairly crude invertase preparations. However, Saul and Nelson (1) found that only highly purified invertase preparations respond to the accelerative influence of added proteins. These authors suggest therefore, that crude preparations contain an excess of protein so that the addition of more protein seems to be without further effect. The possibility exists that there may be a relation between the reactivation of invertase preparations containing a relatively large amount of extraneous protein and the accelerative effect on the activity of highly purified preparations due to added proteins. It is the purpose of this investigation to test this possibility by studying the effect of added proteins on the degree of reactivation of acid-inactivated yeast invertase.
The procedures used in this study were in general similar to those used by Herriott (2) with minor modifications. The activities of the invertase solutions were estimated by the initial rates of hydrolysis of 16 per cent sucrose solutions at pH 4.5 and 25°C., except where specifically stated otherwise.
The various invertase preparations used were diluted to give an initial velocity of sucrose inversion of around 2.0-2.5 ° per minute. It was then demonstrated for each different enzyme preparation used that when brought to a pH below 1.2 and kept at this pH for 30 minutes, followed by adding alkali to a pH of 4.5 and allowing the solution to stand for 45 minutes, that the enzyme was completely inactive. However, when acid-inactivated invertase solutions were brought to pH 6, and allowed to stand for 45 minutes, reactivation occurred in complete agreement with Herriott's findings.
For each preparation used in the present investigation the pH reactivation optimum was found (these varying between pH 5.8 and 7.0) and the experimental conditions were so arranged as to have the reactivation occurring at this pH.
The following is a typical experiment on the influence of proteins on the reactivation of invertase. In each case two experiments are carried out; one serving as a control, and differing from the other only in that no protein is added.
To 25 ml. of invertase in 0.015 ~ phosphate-citrate buffer at pH 4.5 (initial velocity of hydrolysis 2.0-2.5 ° per minute) is added 1 ml. of a water solution containing 10 rag. of egg albumin. To this is added 10 ml. of 0.428 N HC1, and 10 ml. of the resulting mixture are removed for a pH determination (pH equals 1.10). The mixture is kept at this pH for 30 minutes. At the end of this time 10 ml. of 0.327 ~ NaOH are added bringing the pH to 5.89. This mixture is allowed to reactivate for 45 minutes, and then 25 ml. are removed and added to 100 ml. of 20 per cent sucrose solution buffered with 0.03 M phosphate-citrate buffer, so that the final pH of the hydrolysis mixture is 4.5. (The remaining 10 ml. of reactivated invertase are used to determine the ptI at which reactivation took place.)
The initial course of the hydrolysis is now followed polarimetrically in the usual manner, five samples being obtained for each hydrolysis. The control is then treated in exactly the same way, except that 1 ml. water is added at the start, the pH of inactivation being 1.09 and the pH of reactivation being 5.85 in this experiment.
The results of this experiment were as follows: Since all the variables such as time, temperature, and pH, have been held constant, it is possible to attribute the difference in extent of reactivation to the added protein.
A series of experiments of this nature were carried out, with the various proteins being added at one of three possible points, i.e. at the start (invertase at pH 4.5), immediately after bringing the invertase solution to the inactivation pH of 1.1, or immediately after bringing the enzyme to the reactivation pH of about 6. Since it was found that the results on adding the proteins at pH 4.5 and at pH 1.1 were the same, Table I lists the effect of proteins at two general points of addition; namely at pH 4.5 or less than 1.2, and at pH 6.
The proteins used in this study were highly purified preparations, many of which were obtained from various workers whose names are listed at the end of the paper. During the early stages of this work highly purified invertase solutions were used, which were prepared by Mr. Stanley Lewis of Columbia University. It was found that results using highly purified yeast invertase were the same as those obtained with the cruder commercial preparation known as "Convertit" which is a product of Wallerstein Co. of N.Y. Accordingly, "Convertit" was used in the later stages of the investigation.
Examination of Table I reveals some interesting facts. Under no conditions was an increase in reactivation obtained. Secondly, all but three of the sixteen proteins tested inhibited the reactivation of invertase to some extent when added at pH 4.5 or 1.1, the three exceptions being carbohydrate-free horse crystalbumin, gelatin, and lactoglobulin, which also did not inhibit at the reactivation pH. Only five proteins inhibited the reactivation of invertase, when added at pH 6. Of these, two: trypsin and chymotrypsin are proteolytic enzymes which are active at pH 6, and three, donkey globin, ox globin, and serum albumin are non-enzymatic. Another point to be noticed is that a general distinction in quantitative effect can be drawn between the proteolytic enzymes and the non-enzymatic proteins which were added. The former when present in amounts as small as 0.1 mg. caused an inhibition of 70-100 per cent, while the latter when present in far larger quantities (10 mg.) gave inhibitions varying from 14-87 per cent. For comparison it might also be added that as much as 0.5 mg. tobacco seed globulin resulted in a zero inhibition.
The inhibition of the reactivation on the part of the proteolytic enzymes may, perhaps, be considered a function of their enzymatic activity, and, indeed, several facts appear to support this possibility.
Thus, in one experiment 0.06 mg. pepsin which had been inactivated by keeping at pH 10.5 for half an hour (6) (proteolytic acitivity proven absent by the method of Anson (7)) was added to the invertase solution at pH 1.1. In the native state, this quantity of pepsin was sufficient to cause 100 per cent inhibition of reactivation. In its denatured form, however, it gave 0 per cent inhibition. Also, 5 mg. of chymotrypsinogen added to an invertase solution immediately after bringing it to pH 1.1 led to 14 per cent inhibition of reactiva-PROTEINS AND REACTIVATION OF YEAST IlqVERTASE tion of invertase. 5 mg. of chymotrypsin, on the other hand, added under the same conditions, caused an inhibition of reactivation of 100 per cent. This experiment is probably more satisfactory in demonstrating the correlation of the inhibitory effect and proteolyfic activity than that of denaturing the pepsin, since although chymotrypsinogen has but 1/10,000 the proteolytic activity of chymotrypsin (probably due to traces of chymotrypsin) it is in other properties quite similar to chymotrypsin, according to Kunitz and Northrop (8) .
Finally, a third line of evidence to support the idea that the inhibition by the proteolyfic enzymes mentioned may be associated with their enzymatic activity is indicated by the following experiments. Pepsin when added to invertase at pH 1.1 inhibits the reactivation 100 per cent. However, when pepsin is added to invertase immediately after bringing the invertase to pH 6 (at which pH the pepsin is proteolyticany inactive), there is no inhibition of reactivation whatever.
Concerning the inhibition by the non-enzymatic proteins listed in Table I , the authors do not offer any suggestions to account for the phenomenon. The possibility, however, remains that the inhibition by the various non-enzymatic proteins may be due to their contamination with proteolytically active substances. The presence of 0.005 nag. of pepsin in 10 mg. of protein would be sufficient to cause 50 per cent inhibition of reactivation. The method of Anson (4) (modified to 1 hour's digestion to insure sensitivity to as little as 0.005 rag. pepsin) was used to investigate this possibility. All the proteins mentioned in Table I were tested for peptic activity, and in addition, serum albumin and globin were tested for tryptic activity since the latter inhibited invertase reactivation when added at pH 6. All were found to be proteolytically inactive. The question now arises; do the proteolytic enzymes affect native invertase? There appears to be some disagreement in the literature on this point (1, 9) .
The possibility was tested in two ways. In the first method, the native invertase was allowed to stand in contact with the proteolytic enzyme at different pH's for various lengths of time. The results, as indicated in Table II , show the native invertase to be unaffected by the presence of trypsin and chymotrypsin. Another type of experiment used to obtain information on this question was as follows: 10 nag. of trypsin were added to invertase which had reactivated at pH 6.2 for 1 hour. The invertase was now allowed to stand at pH 6.2 for a total of 5 hours, and its activity then determined. One control was allowed to reactivate at pH 6.2 only 1 hour and its activity immediately obtained. Another control was allowed to reactivate at pH 6.2 for 5 hours before testing its activity. Results: Velocity of invertase to which 10 rag. of trypsin were added after 1 hour (5 hours total standing) --0.0134 degree per minute. Velocity of control reactivated for 1 hour = 0.0133 degree per minute, Velocity of control reactivated for 5 hours --0.0306 degree per minute.
Other experiments of this type gave similar results and led to the following conclusions: (1) Trypsin instantaneously acts to prevent further reactivation of inactive invertase, (2) trypsin does not affect whatever invertase has already reverted to the active form in the reactivation process.
It was also considered interesting to determine whether reactivated invertase would exhibit an effect typical of the original native invertase, namely the effect described by Saul and Nelson (1) . For this experiment it is necessary that a highly purified yeast invertase preparation be used.
A highly purified yeast invertase was inactivated at pH 1.1, as usual, and then brought to pH 6.2 and allowed to reactivate at this pH for 1 hour. The solution was then carefully brought to pH 3.0 with dilute HC1. The solution was now divided into two parts, and to one part 10 rag. of trypsin were added, and the activity of this and the control were compared in buffer at pH 3.0.
This experiment was also repeated using 6 mg. gelatin, instead of trypsin, as the foreign protein added.
Increases of 19 per cent and 25 per cent respectively at pH 3.0 were obtained in these experiments due to added protein, and are in accord with findings reported by Saul and Nelson (1) for native invertase.
It will be remembered that edestin and tobacco seed globulin did not inhibit the reactivation of invertase when these proteins were added to acid-inactivated invertase which had just been brought to pH 6.2, but did when added at pH 4.5 or 1.1. The following experiment was carried out in an attempt to obtain some further information concerning the inhibitory effect using these proteins.
Edestin, tobacco seed globulin, and pepsin were separately brought to pH 1.1 and allowed to remain at that pH for one-half hour. Then 10 rag. edestin, 10 rag. tobacco seed globulin, and 1 mg. pepsin were each added to separate portions of acid-inactivated invertase which had just been brought to pH 6. The velocities were then compared with a control and the inhibitions obtained were 65 per cent with the tobacco seed globulin, 35 per cent with edestin, and 0 per cent with 1 rag. pepsin.
This experiment suggests that in the case of edestin and tobacco seed globulin the inhibitions described in Table I may be ascribed to some special changes in the edestin and tobacco seed globulin when these are brought to pH 1.1 and the subsequent interaction of these specially changed proteins with inactive invertase at pH 6.2 thereby preventing its normal regeneration.
The pepsin experiment points to the previous idea that in this case the effect is proteolytic since 1 rag. pepsin is sufficient when added at pH 4.5 or 1.1 in the usual way to prevent any reactivation, while under these last conditions no inhibition at all was obtained.
